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Abstract: This paper presents the application of MATLAB® Simulink as a useful tool for predicting the performance of an 
induction motor. The influence of power quality problem on the performance of an induction motor is critically investigated. 
Mathematical modelling of an induction motor subjected to an unsymmetrical voltage conditions are presented. The results 
obtained from the simulation reveal the presence of rotor noise and vibration during operation of induction motor under 
voltage unbalance. 
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1. Introduction 
The widening gap between the power supplied and power 
demanded is as a result of the increase in the number of 
domestic, commercial and industrial loads. As such, there has 
been an increasing stress towards energy management in the 
industrial sector as they are the major consumers. The 
continuously varying load demand by domestic consumers 
has therefore led to a power quality problem. This problem is 
a major concern to the power system engineers in recent 
years [1]. Power quality problem or disturbanceis mainly 
concerned with the deviations of voltage and/or current from 
the ideal values [2]. Voltage variations and unbalance seem to 
be the most commonly occurring power quality problems 
within as a result of unequal distribution loads across the 
power network [3]. Three-phase induction motors are widely 
used in industrial, commercial and residential systems whose 
working performance could be greatly affected when driven 
with an unsymmetrical three-phase voltages [4], [5]. 
Industrial utilities make significant amount of investment in 
order to achieve higher energy efficiency. However, the 
lowered performance variations are mainly due to the quality 
of the incoming supply [6]. Hence, the knowledge of possible 
variation in performance due to the impact of voltage 
variation and unbalance is a necessity. 
The contributions of this paper are in three folds: To 
determine the percentage of unbalance voltage that is 
tolerable for effective operational performance of an 
induction motor, to determine the impact of the rated voltage, 
under-voltage and over-voltage unbalance on induction 
motor operational performance and to simulate the 
performance of a three-phase induction motor. 
This paper investigates the level of difference in the 
operating performance of induction motors working under 
balanced and unbalanced voltage conditions. In section 2, 
mathematical details of the voltage unbalance in the model of 
induction motors is presented. Section 3 gives the details of 
the motor parameters used for the study. Section 4 presents 
the results and discussion obtained from the simulation while 
the conclusion is given in section 5. 
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2. Voltage Unbalance Modelling in 
Induction Motors 
For the sake of simplicity, steady-state performance of 
three-phase induction motors is usually carried out by 
neglecting the core loss and friction and windage loss 
components[7]. However, in industrial situations, the utility 
energy bill is dependent on components such as the power 
factor of the plant, total active power usage and overall 
efficiency of operation. Therefore, accurate estimation of 
losses is extremely important to avoid significant errors in 
the efficiency estimation [8]. The core loss depends on the 
applied voltage while friction and windage loss depends on 
the operating speed. The power input on no-load is only to 
account for the no-load losses in the form of stator copper 
loss, core lossand windage and friction loss. 
The modified steady-state per phase equivalent circuit is 
that takes into account the core loss and friction and windage 
loss under running conditions is shown in figure 1 [9]. 
 
Figure 1. Per-phase equivalent circuit of an induction motor. 
where V is the applied voltage, R1 and X1are stator resistance 
and reactance respectively, R'2 and X'2 are equivalent rotor 
resistance and reactance as referred to the stator, RCis the 
core loss resistance, RFWrepresents the resistance of the 
friction and windage loss, XM is the magnetizing reactance, s 
is the operating slip, I1 is the stator current, Io is the no-load 
current component and I'2 is the rotor current referred to 
stator side. 
The equivalent circuit parameters of X1, X'2, XM, RC and 
RFW can be obtained from the no-load and blocked rotor tests 
data as presented in reference [9]. 
By applying symmetrical component technique, under the 
condition of asymmetry, the per phase induction motor 
equivalent model can easily be resolved into positive 
sequence and negative sequence equivalent circuits. Let VRY, 
VYB and VBR be the measured line-to-line voltage with VRY 
being selected as the reference phasor. 
For the positive sequence equivalent circuit, 
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where, VP∠θVP and VN∠θVNare the positive sequence and 
negative sequence voltages, I1P∠θCP and I1N∠θCNare the 
positive sequence and negative sequence stator 
currents,ZP∠θP and ZN∠θNare the positive sequence and 
negative sequence input impedances while the operatora is 
given by 1∠120°. 
Thus, under voltage unbalance conditions, the induction 
motor can be thought of as two separate motors in operation, 
one operating with a positive sequence voltage VP and slip 's', 
and other operating with a negative sequence voltage VN and 
slip ' (2 - s) ' [7]. 
The current in each phase can therefore be expressed as 
∠ = ∠ + ∠                     (5) 
∠ = 
 ∠ + ∠                   (6) 
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 ∠                   (7) 
The actual power output is the sum of the positive and 
negative power output components given as 
"# = " + "                                   (8) 
where 
Positive sequence power output, 
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Negative sequence power output, 
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                            (10) 
where, I'2P and I'2N are positive and negative sequence rotor 
current components. 
For steady state operation, the torque developed by motor, 
TM equals the load torque, TL 
Tm = TL                                         (11) 
Under conditions of voltage unbalance, we have 
Tm = Tp + Tn                                  (12) 
where TP and TN denote the positive and negative sequence 
torque components respectively. 
The total power input can be expressed as 
"% = +,-.3(
∗
 + 
∗
)1                  (13) 
where equation (13) indicates the conjugate value. 
Motor efficiency is given by 
% 3 =


4
 × 100%                            (14) 
For a qualitative analysis of power quality problem, under-
voltage and over-voltage unbalance conditions, at the 
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distribution end and the point of utilization, in three-phase 
power systems need to be investigated. Some causes of 
voltage unbalance are the uneven distribution of single-phase 
loads in three-phase power systems, asymmetrical 
transformer winding impedances, open-Y, open-∆ 
transformer banks, incomplete transposition of transmission 
lines, blown fuses on three-phase capacitor banks, etc.[10-17]. 
Based on the foregoing, performance analysis of 
equipment in power systems under voltage unbalance 
condition is very important. Three-phase induction motor is 
one of the most widely used equipment in industrial, 
commercial and residential applications for energy 
conversion purposes. Because of various techno-economic 
benefits, the three phase induction motors are used more than 
ever before. However, most of them are connected directly to 
the electric power distribution system and they are exposed 
to unbalanced voltages. In theoretical point of view, the 
unbalanced voltages induce negative sequence current which 
produces a backward rotating field in addition to the forward 
rotating field produced by the positive sequence one[18]. The 
interaction of these fields produces pulsating electromagnetic 
torque and ripple in speed [19], [20]. Such condition has 
severe negative effects on the performance of an induction 
motor. 
The effect of voltage unbalance is more pronounced in 
three-phase induction motors. When a three-phase induction 
motor is supplied by an unbalanced system, the resulting line 
currents show a degree of unbalance that is several times the 
voltage unbalance. 
3. Data Analysis and Simulink 
The technical data of a simple three-phase induction motor 
investigated is presented in table 1.The induction motor is 
totally enclosed fan cooled (TEFC) with a cast aluminium 
squirrel cage. The models for the motor under balance and 
unbalanced conditions are created using MATLAB
®
simulink 
workspace shown in figure 2. The measured voltage for each 
line-to-neutral voltage are as follows: 
R-N (190V), Y-N (190V) and B-N (194V) 
Table 1. Induction motor data. 
Parameter Value Parameter Value 
Rated Voltage (V) 415(L-L) Stator Resistance 1.115Ω 
Power (kW) 1492 Stator Inductance 0.005974Ω 
Frequency (Hz) 50 Rotor Resistance 1.083Ω 
Speed(rpm) 1500 Rotor Inductance 0.005974Ω 
Mutual Inductance 0.2037 
  
Number of Poles 4 
  
 
Figure 2. Simulink model for the balanced and unbalanced conditions. 
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The influence of unbalanced voltage on its performance is 
evaluated under rated conditions with balanced voltage at no-
load. The motor is tested with three types of three-phase 
voltage unbalance factors which are the rated, under-voltage 
and over-voltage factors as shown in table 2. 
Table 2. Voltage unbalance factors. 
1.05 Over-Voltage Unbalance 
1.00 Rated Voltage Unbalance 
0.95 Under-Voltage Unbalance 
For the analysis of the under-voltage unbalanced condition, 
the positive sequence voltage is fixed at 95% of the rated 
voltage and the simulation performed for different values of 
VUFs (Voltage unbalance factors) between 2% and 10%. For 
the case of the ratedvoltage unbalanced condition, the 
positive sequence voltage was fixed at the rated voltage and 
simulation conducted for different grades of VUF from 2% to 
10%. Finally, the over-voltage unbalanced condition is 
studied with the positive sequence voltage fixed at 105% of 
the rated voltage and simulation performed for different 
values of VUFs. 
4. Results and Discussion 
The simulation results obtained from the analysis of the 
induction motor under balanced and unbalanced conditions 
are presented graphically in time domain. 
4.1. Balanced Voltage 
 
Figure 3. Rotor currents on no load balanced voltage. 
 
Figure 4. Rotor currents on full load balanced voltage. 
The three-phase stator currents waveforms shown in 
figures 3 and 4 are steady and the induced rotor current 
waveforms are uniform and linear as seen in figures 5 and 6. 
The Induced rotor currents on no-load and on full load are 
found to be 0.5A and 15A respectively while stator currents 
are 3.5A and 17A on no-load and full load respectively. 
 
Figure 5. Stator currents on no load balanced voltage. 
 
Figure 6. Stator currents on full load balanced voltage. 
4.2. Unbalanced Voltage 
4.2.1. Voltage Unbalance – Under-Voltage 
Figures 7, 8 and 9 show the waveforms produced under 
unbalanced voltage conditions.The waveforms indicate 
rippled and cloudy stator and rotor currents on full load at 
under voltage unbalanced conditions. Rotor current are above 
indeterminate with average value of 23A and 18A on 75%, 
and 50% of load respectively. While the stator currents are 
indeterminate with average value of 25A and 20A on 75% 
and 50% of full load respectively. 
 
Figure 7. Rotor currents on full load at under-voltage unbalance. 
 
Figure 8. Stator currents at full load of under-voltage unbalance. 
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At under-voltage unbalance condition, for all values of 
VUF, the motor’s torque and speed were undefined for full 
load operation as shown in figure 9. However, at reduced 
loads, the outputs were determinate with indications of 
growing gross ripples as the value of VUF increases. 
 
Figure 9. Electromagnetic torque and rotor speed at full load torque at 
under voltage unbalance (VUF of 2-10% with positive sequence voltage 
fixed at 0.95 of rated voltage). 
4.2.2. Voltage Unbalance – Over-Voltage 
The waveforms of the rotor and stator currents at full load 
over-voltage unbalance condition are presented in figures 10 
and 11 respectively. The estimated values of rotor current are 
25A, 18A and 12A on full load, 75% and 50% of full load 
respectively. Stator currents are also estimated to be 28A, 
20A and 14A on 75% and 50% of full load respectively. 
 
Figure 10. Rotor current at full load over-voltage unbalance. 
 
Figure 11. Stator current at full load over voltage unbalance. 
4.2.3. Voltage Unbalance – Rated Voltage 
The waveforms indicated rippled and cloudy stator and 
rotor currents on full load at rated voltage unbalanced 
conditions as shown in figures 12 and 13 respectively. Rotor 
current are indeterminate, 20A, 13A on full load, 75%, and 
50% of load respectively. Stator currents are indeterminate, 
22A, and 15A on full load, 75%, and 50% of load 
respectively. 
 
Figure 12. Stator currents at full load rated voltage unbalance. 
 
Figure 13. Rotor currents at full load rated voltage unbalance. 
5. Conclusion 
This paper has shown that the presence of ripples in both 
stator and rotor currents’ waveforms, in all cases of 
unbalance voltages when motor is on load, indicate the 
presence of harmonics. The simulation results also showthat 
more current is drawn by the stator and more is induced in 
the rotor as the load increases in all cases of unbalance. This 
implies that increase in copper losses accompany voltage 
unbalance, which may lead to increase heating, horsepower 
load and thus a reduced rated output power. 
At over-voltage unbalance however, motor indicated fair 
performance at VUF of 2-4% with a load reduction of 50%. 
At rated voltage unbalance with VUF of 2-4%, good 
performance was observed on load reduction of 50%. Above 
VUF of 4% for all types of unbalance, motor operation 
became grossly inefficient and load reduction did improve 
operational performance of the induction motor. 
From the findings of this paper, it has shown that there is a 
noteworthy difference in the performance of an induction 
motor under unbalanced source voltages compared to 
balanced source voltages. The results proved that the 
operational performance of an induction motor can be studied 
using simulated result from MATLAB
®
 Simulink without 
going through the arduous analytical method. Since 
unbalanced conditions cannot be completely eradicated, it is 
therefore essential that motors be protected against all types 
of unbalances with NEMA, IEC and IEEE specifications and 
appropriately derated for effective and efficient performance. 
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